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Abstract 
 
The present work has developed analytical methodology for determining anions 
(nitrate, nitrite, fluoride, bromide, chloride, phosphate and sulphate) by Ion 
Chromatography and conductometric detection for the analysis of ground water. The 
methodology developed was used for monitoring the above mentioned anions in a 
region of particular interest, located in the outskirts of Madinah Almunawwara, in the 
Kingdom of Saudi Arabia (KSA). The importance of this study site lies in that the main 
water supply is ground water extracted from wells. The study was carried out for six 
months. Eight wells were investigated, and a total of 18 samples were collected from 
each well. The concentrations of the study anions detected in all wells were lower than 
the maximum control limit by the WHO for fluoride 2ppm, chloride 250ppm, nitrite 
1ppm, nitrate 45ppm and sulphate 250ppm. The maximum control limits for bromide 
and phosphate have not been set.  
Finally, a simple approach to reduce the concentration of such anions by using raw 
materials widely available in the study region. These raw materials included 
pomegranate peels, pomegranate gels and date seeds. In a batch study, the sorbent 
pomegranate gels removed 5.9% fluoride, 51.4% of nitrite, 1.5% bromide and 50.6% of 
sulphate when working with water spiked with the study anions at a concentration level 
of 10 mg/L. Dateseeds removed 98.2% of nitrite and 2.2% of nitrate in water spiked also 
at 10mg/L. In contrast, pomegranate peels were less effective, with just 13.0% removal 
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of nitrite. These removal capacities indicate that using natural products can be a cost-
effective way of treating water. 
 
 
Abbreviations  
 
UPLC-ESI-MS Ultra performance liquid chromatography -  electron spray ionisation-
mass spectrometry 
USEPA United States Environmental Protection Agency 
EC  Electrocoagulation 
KSA Kingdom of Saudi Arabia 
PE Polyethylene 
TDS Total dissolved solids 
IC Ion Chromatography 
SD Standard deviation 
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1.0 Introduction  
 
It is essential to have safe drinking water. The safety of metropolitan water is controlled 
by drinking water plants, in contrast, wells used for domestic use in rural areas may be 
under lower control. Since a variety of different highly mobile toxic anions can leach to 
ground water, a method for their analysis and removal needs to be available. Various 
processes of removal of toxic anions are in place i.e. ion exchange, adsorption, 
coagulation and filtration [1] but these are not generally available in households, where 
low-cost removal methods could be applied.  
The presence of certain carcinogen ions such as bromate or chromate (VI) species in 
water constitutes a direct risk to humans [2], and monitoring and eliminating these ions 
from water is a priority [3]. It has been reported that the risk to human health by toxic 
ions can be, for instance, through fertilisers used in crops and the subsequent intake of 
locally grown vegetables, cereal crops and milk from irrigated sites with such fertilisers 
[4]. Furthermore, when the water is contaminated with toxic species, these ions, which 
are mobile, pose a serious threat to the environment and aquatic life in the receiving 
waters [5]. Some toxic species also accumulate throughout the food chain and may 
affect human beings, plants and animals alike. The increasing problem of contaminating 
soil and water has stimulated a search for new  low cost approaches to remove these 
pollutants [6].  
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Discharge of toxic species from metal processing industries is known to have adverse 
effects on the environment [7]. Conventional treatment technologies for a removal 
method from aqueous solution are not economical and generate tonnes of toxic 
chemical sludge [8]. It is therefore important to have available economical solutions for 
the removal of toxic substances from water. The use of natural compounds as removers 
of polluants may emerge in the coming years due to their biodegradability (once the 
toxic species have been re-extracted), easy availability, low-cost and non-toxic nature 
[9]. It has been reported that bromate, nitrate and nitrite in drinking water in parts of 
Saudi Arabia have exceeded the maximum contaminant levels established by the United 
States Environmental Protection Agency [10]. 
Methodology for monitoring toxic ions in water is needed. Fast and sensitive methods 
for the analysis of bromate, nitrate and nitrite in drinking water using UPLC-ESI/MS with 
low detection limits of 0.03-0.04 µg/L (ppb) [11] is available in Saudi Arabia, however 
the instrumentation required is costly and therefore not available to all laboratories .  
 
1.1  Toxicity of ions and metals in human health 
The main sources of pollutants are industrial wastewater from mining, metal processing 
and  refining, tanneries, pharmaceutical, chemical and agrochemical industry and 
municipal wastewater[8]. Toxic metals such as Cd or Pb can displace vital nutritional 
minerals from their original place, thereby, hindering their biological function. It is, 
however, impossible to live in an environment free of heavy metals. There are many 
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ways by which heavy metals can be introduced into the body such as consumption of 
foods, water, beverages, skin exposure, and inhaled air [8].  
Faced with increased stringent regulations, heavy metals are among the environmental 
current list of 126 priority pollutants by the US Environmental Protection Agency. Toxic 
substances need to be removed from water to protect the people and the environment. 
1.2 Removal of toxic species: 
Recent research in the area of toxic species removal from water and sediments has 
focused on the development of materials with increased affinity, capacity, and 
selectivity for target substances. The existing methods for the removal of toxic species 
from the environment can be grouped into biotic and abiotic. Biotic methods are based 
on the accumulation by plants or microorganisms, whereas abiotic methods include 
physiochemical processes such as precipitation, co-precipitation and adsorption by a 
suitable adsorbent [2].  
Current remediation techniques are categorised into physical (i.e. physisorption), 
chemical (chemisorption, precipitation, complexation, ion exchange, electrodeposition, 
and formation of amalgams) or biological techniques which include biofiltration or 
genetic engineering in the modification of microorganisms. The removal of bromated 
ions from aqueous solution by modified date seeds and granular activated charcoal has 
been reported [2]. In this work, the date seeds were modified with iron after a cleaning 
stage. The growing demand for efficient and low-cost treatment methods and the 
importance of adsorption has given rise to the so-called low-cost alternative adsorbents 
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(LCAs) [12]. Researchers are currently interested in finding the production of cheaper 
ways which therefore could be applied in large scale environmental problems [3]. Some 
examples of techniques used in the reduction of the concentration of ions from water 
are now detailed. 
 
1.2.1 Electrocoagulation: 
Electrocoagulation (EC) is a technique used in the earlier stages of water treatment. A 
value of 95% removal efficiency of aluminum using electrocoagulation has been 
reported. Unlike chemical treatments to remove heavy metals and suspended solids, it 
does not require strict control of pH or addition of important amount of chemicals. The 
medium used in EC was natural water containing Ca2+ and HCO3
- ions [19]. EC is usually 
conducted by adding supporting electrolyte to the medium investigated. EC requires low 
maintenance, no filters and is advancing towards a reduction on the energy required. 
 
1.2.2 Continuous free surface flow wetland/constructed wetland:  
It has been reported that constructed wetland (CW)can be used for the removal of 
heavy metals; however, a disadvantage of free surface flow wetlands is that they 
require large area, it is a slow remediation process, and the plants need to be collected 
and generally incinerated. Removal efficiencies of the CW for ions Pb, Cd, Fe, Ni, Cr and 
Cu were 50%, 91.9%, 74.1%, 40.9%, 89% and 48.3% respectively [13] [14]. 
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1.2.3 Wastewater stabilization ponds and activated sludge processes: 
In the stabilization ponds, the removal efficiency of some heavy metals has been 
reported to be rather low (58% for Cr and less than 20% for Cd, Mn and Pb [15]), 
whereas the activated sludge process, which takes place by both bioaccumulation and 
bioadsorption, yielded higher removal efficiencies ranging from 47% for Ni to 95% for 
Cr, which still is insufficient given the toxicity of some heavy metals, and is dependent 
on the ion. In fact, activated sludge processes are mainly optimised for the removal of 
organic matter and have only side-benefits the removal of heavy metals.  
 
1.2.4 Salvinia Natans – an annual floating aquatic fern: 
Salvinia Natans has been studied as a species for cleaning water contaminated with 
toxic species [16]. When fresh biomass was replenished at definite time intervals of 
treatment, a gradual decrease of toxic metals content in water samples was observed. 
The metal accumulation in Salvinia natans involved rapid passive uptake through 
adsorption of ions onto plant surface (bio-sorption) followed by active uptake into plant 
cells. 
1.2.5 Withania Frutescens: 
The removal of nitrates and phosphates, as well as metals, from water has been 
reported with an adsorbent consisting of micro-particles of dried Withania Frutescens 
plant (<500 µm). The adsorption increased with contact time, and the use of 
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microparticles, rather than the tissue as a whole resulted in an increase in the surface 
area and an improvement of the kinetics and access to active sites[17]. A wide range of 
plants and waste products have been investigated for the removal of ions, and only few 
examples have been discussed here.  
 
Hemp seeds have shown capacity to accumulate metal ions, especially cadmium and 
zinc [18], and it has been proposed for the phytoremediation of contaminated sites [19]. 
A phytohemaglutinin from Sunn hemp seeds (Crotalaria juncea) containing metals has 
been isolated which shows the affinity of the plant and hence its capacity to improve the 
quality of water [22], although the release of potential toxic ions, such as cyanuric acid, 
should be monitored. The capacity of pomegranate peel to adsorb lead [21], copper (II) 
[22] and chromium VI [23] has been proven after having been washed or mildly 
modified with acid. Activated carbon made from pomegranate husk has been found to 
be an effective low cost adsorbent for the removal of dyes [24]  and Cr (VI) [25] from 
water. 
 
Page 16 of 172 
 
2.0 Aims and Objectives: 
 
The aim of this work is to develop an analytical procedure for the analysis of anions in 
ground water and to investigate a number of natural products that could be used to 
remove anions in ground water. 
The objectives of this research are listed as follows. In the first place, analytical 
methodology based on ion chromatography was developed for the analysis of ions i.e. 
nitrate, nitrite, fluoride, bromide, chloride, phosphate and sulphate, in ground water. A 
second objective was to monitor the presence of toxic ions in ground water, within a 
region that depended on it, for over a period of six months in case a temporal factor 
affected their levels. The last objective of this work was to investigate a range of natural 
adsorbents widely available and with low commercial value in Saudi Arabia for the 
removal of a range of toxic ions.  
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3.  Experimental Methodologies:  
 
3.1 Chemicals and materials.  
The reference standard materials sodium fluoride, sodium nitrite, potassium chloride, 
sodium nitrate, potassium bromide, potassium sulphate and ammonium hydrogen 
phosphate were all bought from ULTRA Scientific, USA, and were of analytical quality.  
The salt chemicals used for the mobile phase were sodium carbonate, from Holyland, 
KSA, and sodium hydrogen carbonate bought from LOBA Cheme, India, both with 
analytical quality. 
The chemical for the regeneration solution was sulphuric acid bought from LOBA 
Cheme, India. 
All the glassware and sample bottles used for the project were first washed with 
detergent solutions, then rinsed with tap water and deionised water several times, 
soaked overnight with 2.0% HNO3 69-72%, LOBA Chemie, and finally rinsed with 
deionised water several times. 
 
3.2 Sampling 
The water samples used for this project were collected from wells in Abyar Almashie, 
Madinah AlMunawrrah region in KSA. The water samples were collected in polyethylene 
(PE) bottles, placed in a fridge (Ca. 4oC) and analysed within 2 days. A total of eight wells 
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were monitored and three samples from each well were collected per batch collection 
for over six months, this gives eighteen samples per well over six months. This is a total 
of 144 samples for all the eight wells over the six months. The dates when the ground 
water samples were collected are shown in Table 1. Batch means one days’ collection 
for samples 1 to 8. The map of KSA, including the location of Abyar Mashe is shown in 
Figure 1. The sampling sites are shown in Figure 2.  In that figure, Sample number refers 
to well number: 
Table 1: Dates of water sample collection per batch 
Batch number Date of collection 
Batch 1 January 2016 
Batch 2 February 2016 
Batch 3 March 2016 
Batch 4 April 2016 
Batch 5 May 2016 
Batch 6 Jun 2016 
  
Table 1 is showing the dates when each batch of water samples were collected from the 
eight wells investigated.  
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Table 2: Distance between the wells and the valley, and depth of each well 
 
 
 
 
Table 2 is showing the distance from each well to the valley. The shortest distance 
between two wells is 100m (between wells 5 and 8). The longest distance between wells 
is 3000m (between wells 2 and 7). The diameter of the wells was 0.5m wide, except for 
well 5 (sample 5) which was 3m wide. 
Sample/Well 
number 
Distance of the well from the valley 
(metres) 
Depth of the well 
(metres) 
1 900 110 
2 1500 200 
3 1500 180 
4 800 140 
5 200 40 
6 250 102 
7 1500 19 
8 100 199 
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Figure 1: Abyar Mashe in KSA 
 
 
Figure 2: Locations of sample collection 
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3.3 Instruments & Measurements 
 
The analysis of water samples was carried out using the following analytical instruments. 
Electronic balance that was a Genus AB204-S (Mettler Toledo, Switzerland) and pH 
meter (HANNA, Mauritius).  
Ion chromatography (IC) is a technique used for the separation and determination of 
ions based on their charge and interaction with the mobile phase and stationary phase. 
The disadvantage of the use of ion chromatography is the use of buffers and the time 
that it takes to equilibrate the column with respect to other types of chromatography. 
The detection system commonly used with IC is a conductivity detector. In this project, 
the ions which have been investigated are fluoride, chloride, nitrite, bromide, nitrate, 
phosphate and sulphate. The technique used include the parameters i.e. Metrosep A 
Supp7-250 anion column (4.0 mm x 250 mm), Suppressed Conductivity Detector, and 
type 881 Compact IC pro, both from Metrohm Ltd., Switzerland.  
 
3.4 Development of analytical methodology for the 
analysis of toxic substances 
3.4.1 Sensitivity 
Diluted standards of different concentrations, i.e 0.05mg/L – 0.1mgL, were injected and 
the limit of detection (LOD) was taken as the concentration with a signal-to-noise ratio. 
Measuring background noise nearby the peaks from the analytes has shown to be 
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problematic since the baseline was very smooth. This could be due to the instrument 
working in the mode “Suppressed Ion Chromatography”, which is the recommended 
one for best sensitivity. Due to the difficulties in assessing the level of noise, standards 
with concentration close to the level estimated to be at the LOD were prepared and 
measured to confirm the LOD values given in table 3. 
Table 3: Limit of detections for the studied anions, 
 
Anion 
LOD 
(mg/L) 
Fluoride 0.05 
Chloride 0.05 
Nitrate 0.1 
Bromide 0.05 
Nitrite 0.05 
Phosphate 0.05 
Sulphate 0.1 
 
Table 3 is showing the LOD for the studied anions. The lowest detection in the developed 
method was 0.05 mg/L. The limit of detection (LOD) can be improved in future work. The 
chromatograms for the study compounds at the LOD are given in Annex 7.2 
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3.5 Preparation of natural adsorbents 
Waste agricultural food products abundant in Saudi Arabia were selected as natural 
adsorbents. Examples include pomegranate peels, pomegranate gels, and date seeds 
from consumed food products in Saudi Arabia all with low commercial value. These 
products were collected from vegetable markets and farms in the local zones of 
Madinah district. Pomegranate peels were peeled-off, washed with deionised water, 
dried and ground. Pomegranate gels were cut-open, peeled-off from the juice and the 
seed, washed with deionised water and dried. The date seeds were prepared by 
washing with deionised water, dried and ground into powder. 1g of each natural 
adsorbent was used for analysis as follows. 1g of each sorbent, (pomegranate gels, date 
seeds and pomegranate peels), was incubated with 100ml of deionised water separately 
in three separate flasks each spiked at 10mg/L of multi anion standards. The study was 
carried out in batch mode under gentle shaking (80rpm) for 48h. 
 
3.6 Chemicals for preparation of mobile phase and other 
solvents 
The mobile phase was 3.6mM sodium carbonate/ 2.4mM soidum hydrocarbonate 
adjusted at pH 8.5. The stock chemicals were sodium carbonate 98% (HOLYLAND, Saudi 
Arabia) and sodium hydrogen carbonate AR/ACS. Sulphuric acid was used for 
regeneration, 90-91% (from LOBA Chemie, India)  
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3.7  Preparation for the standard calibrations: 
Initial standards were prepared by preparing stock standards from the solid salt, at the concentration indicated in Table 3, a dilution 
of stock with deionized water to an intermediate solution of 100 mg/L, and subsequent standards as indicated in tables 4 and 5. 
These standards made from the solid salts were only used for the initial analysis while developing the method.  
  
Table 4: Anion stock standards solution prepared  from solid salts.The total volume of the standards solutions was 1000ml 
Stock salt 
Total Stock 
ppm 
Anions 
Stock MW 
(g/mol) 
Stock ppm 
(mg/L) 
Potassium bromide  1934.9 Bromide  154.46 1001 
Potassium chloride  2104.9 Chloride  74.55 1001.0 
Sodium fluoride  2214.5 Fluoride  41.99 1002.0 
Sodium nitrite  1501.2 Nitrite  69.00 1001.0 
Sodium nitrate  1680.5 Nitrate  103.99 1002.0 
Ammonium dihydrogen 
phosphate 1213.6 Phosphate  115.03 1002.0 
Potassium sulphate  1815.7 Sulphate  174.26 1001.0 
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Table 5: Anion Stock standards made from Reference Standard 
Stock solution 
Intermediate  
standard solution 
(ppm) 
Standard dilutions (ppm) 
STD 
1  
STD 
2 
STD 
3 
STD 
4 
STD 
5 
STD 
6 
STD 
7 
Potassium bromide  100 0.1 0.5 1 2 4 8 16 
Potassium chloride  100 0.1 0.5 1 2 4 8 16 
Sodium fluoride  100 0.1 0.5 1 2 4 8 16 
Sodium nitrite  100 0.1 0.5 1 2 4 8 16 
Sodium nitrate  100 0.1 0.5 1 2 4 8 16 
Ammonium dihydrogen 
phosphate 
100 0.1 0.5 1 2 4 8 16 
Potassium sulphate  100 0.1 0.5 1 2 4 8 16 
 
Table 5 shows the standards 0.1 to 16ppm prepared from the intermediate standard of the reference materials. The intermediate 
standards used were prepared from pure reference materials of 1000ppm each, bought from Ultra Scientific Analytical Solutions, 
USA. These standard dilutions have been used for the calibration curves. 
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3.8 Calibration curves 
The following figures 3-9 show the average standard calibration curves for the ions 
which have been tested in this work. Seven readings were taken. 
 
Figure 3: Fluoride calibration curve 
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Figure 4: Chloride calibration curve 
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Figure 5: Nitrite calibration curve 
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Figure 6: Bromide calibration curve 
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Figure 7: Nitrate calibration curve 
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Figure 8: Phosphate calibration curve 
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Figure 9: Sulphate calibration curve 
 
 
Figures 3-9 show the calibration curves for the anion standards 0.1ppm-16.0ppm, the 
equation of the lines was y=mx+c, where m was the gradient and c was the intercept. 
The relative standard deviations percent for the ions differed, with fluoride 0.91, 
chloride 0.61, nitrite 0.16, bromide 0.14, nitrate 0.22, phosphate 0.74, and sulphate 
1.08. The correlation coefficient (R2) for the ions were all greater than 0.99 
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4.0  Results and Discussion 
 
4.1 Wells in specific region monitored 
Total dissolved solids (TDS) and the pH were measured to characterise the water 
samples other than the concentration of the study anions. Out of the eight wells where 
the water samples were collected, well 5 is used for drinking and domestic use; well 7 is 
for wildlife animals; and all other wells are used for farming. Hence, directly or 
indirectly, the water quality in these wells can affect human health. Table 6 gives the 
TDS and pH results of the water samples.  
Page 34 of 172 
 
 
Table 6: Monitoring of the TDS and pH in ground water. The amount of water taken from every well was 4L. The study was carried out 
in 2016 
Well 
number 
TDS (ppm) pH Depth 
of well 
(m) January  February  March  April  May  June  January  February  March  April  May  June  
1 600 690 550 650 620 700 7.2 7.7 7.1 7.2 7.2 7.0 110 
2 650 830 680 780 760 760 6.8 7.2 6.9 7.5 7.3 7.2 200 
3 790 1070 830 980 940 920 6.9 7.2 6.8 7.0 7.0 6.9 180 
4 600 750 600 680 710 400 6.7 7.1 6.8 6.8 6.8 6.8 140 
5 300 330 280 290 270 280 6.9 7.7 7.1 7.1 7.1 6.8 40 
6 230 250 200 250 240 240 6.8 7.5 7.1 7.0 7.0 6.9 102 
7 440 530 510 1010 990 1030 7.2 8.0 7.4 7.7 7.6 7.5 19 
8 310 490 480 200 160 160 6.9 8.2 7.8 6.9 7.1 6.8 199 
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February, March, and April 2016 were rainy months, and this was a factor leading to 
high TDS in some wells i.e. wells 3 and 2. Overall the concentration of particles was 
within a relatively narrow range, well 7 showing a greater variation between the lowest 
and the highest level of particles. The pH was between neutral and moderately alkaline. 
Soil pH affects the bioavailability of nutrients and the activity of microorganisms. A pH 
above 7.8 indicates that the soil and water are expected to be rich in Ca and Mg, 
although these cations were not measured in this study. Furthermore, acidic pH, (which 
is not the case), favors heavy metal contamination in aquifers.  
Examples of chromatograms of the study anions in the 8 wells are shown in Annex 7.3 
and the concentrations of the analytes in the study wells are detailed in Tables 1, 2, 6, 7, 
8 and 9 within the results and discussion section. 
The following tables (7-9) show the monitoring of the eight wells of ground water over 
the six months' period. Although seven anions were studied and a method for detecting 
these anions was set, only three anions were detected in the wells. Here you will find 
the mean (three samples for each month), the average concentrations, standard 
deviations and range levels for chloride, nitrate and sulphate over the six months' 
period. 
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Table 7: Chloride concentration (mg/L), average, standard deviation and range from January-June 2016 
 
  
January February March April May June Average 
concentration 
Average 
SD   
Well 1  
(mean ±SD) 
272.4±26.9 241.7±24.6 279.7±0.9 272.6±0.6 286.8±1.9 276.9±0.6 
271.7 15.6 
Well 2 
(mean ±SD) 
458.4±13.8 372.9±25.1 547.2±1.3 528.4±1.0 549.6±1.6 554.1±0.2 
501.8 72.5 
Well 3 
(mean ±SD) 
694.2±37.8 533.4±50.4 841.1±0.8 664.2±1.3 699.5±0.2 742.0±0.5 
695.7 100.7 
Well 4 
(mean ±SD) 
359.9±11.3 294.5±12.5 369.6±0.1 328.0±0.5 433.2±0.6 87.8±0.4 
312.2 119.3 
Well 5 
(mean ±SD) 
33.0±1.6 23.6±3.1 37.3±0.2 29.7±0.2 22.8±0.5 27.8±1.1 
29 5.6 
Well 6 
(mean ±SD) 
19.1±0.7 13.1±1.2 20.6±1.4 12.0±0.1 11.9±0.4 16.0±0.1 
15.5 3.8 
Well 7 
(mean ±SD) 
121.8±11.6 88.9±5.9 136.8±1.6 286.0±0.3 306.0±1.1 298.1±1.0 
206.3 100.5 
Well 8 
(mean ±SD) 
73.3±3.8 71.9±57.6 154.6±1.0 6.8±0.1 4.5±0.1 4.1±0.1 
52.5 60 
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Table 8: Nitrate concentration (mg/L), average, standard deviation and range from January-June 2016 
  
January February March April May June 
Average concentration 
Average 
SD 
Well 1 
(mean ±SD) 
23.3±1.5 14.0±1.0 17.5±0.2 16.7±0.0 18.7±0.3 17.9±0.1 18 3 
Well 2 
(mean ±SD) 
16.7±0.4 9.5±0.5 13.5±0.1 13.1±0.1 14.0±0.1 14.4±0.1 13.5 2.4 
Well 3 
(mean ±SD) 
34.3±1.5 22.2±2.0 42.6±0.1 42.2±0.1 43.2±0.0 46.0±0.1 38.4 8.9 
Well 4 
(mean ±SD) 
54.7±1.8 38.6±1.6 50.2±0.2 43.9±0.1 54.3±0.1 13.0±0.1 42.4 15.7 
Well 5 
(mean ±SD) 
10.3±0.3 3.7±0.3 5.7±0.1 5.5±0.0 5.3±0.0 5.4±0.1 6 2.3 
Well 6 
(mean ±SD) 
7.8±0.1 <LOD 3.4±0.1 3.6±0.0 4.2±0.0 4.3±0.0 3.9 2.5 
Well 7 
(mean ±SD) 
12.9±0.5 5.3±0.3 7.9±0.2 3.6±0.0 3.9±0.0 3.7±0.0 6.2 3.7 
Well 8 
(mean ±SD) 
<LOD <LOD <LOD 3.8±0.1 <LOD <LOD 0.6 1.5 
 
LOD for nitrate is 0.1mg/L 
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Table 9: Sulphate concentration (mg/L), average, standard deviation and range from January-June 2016 
  
January February March April May June 
Average concentration 
Average 
SD 
Well 1 
(mean ±SD) 
248.1±23.5 176.3±69.6 260.9±0.3 <LOD 95.6±3.2 172.0±78.1 
158.8 98.1 
Well 2 
(mean ±SD) 
300.3±12.2 133.9±7.7 340.3±0.4 <LOD 139.2±4.9 177.8±3.9 
181.9 123.6 
Well 3 
(mean ±SD) 
801.0±42.8 600.1±56.5 977.5±1.7 <LOD 429.8±12.1 540.0±4.5 
558.1 336.1 
Well 4 
(mean ±SD) 
341.8±10.3 249.6±78.2 362.2±0.7 <LOD 229.6±5.3 82.8±32.3 
211 143.4 
Well 5 
(mean ±SD) 
67.4±3.3 24.5±4.2 76.5±0.3 <LOD 22.9±0.5 29.4±0.7 
36.8 29.2 
Well 6 
(mean ±SD) 
41.5±1.7 15.0±2.3 32.8±19.9 <LOD 15.1±0.4 20.4±0.2 
20.8 14.6 
Well 7 
(mean ±SD) 
223.5±8.8 110.2±9.0 171.4±101.9 <LOD 493.7±4.9 544.3±5.2 
257.2 216.6 
Well 8 
(mean ±SD) 
128.7±7.3 64.7±34.6 208.8±86.3 <LOD 5.9±0.1 8.1±0.1 
69.4 84.4 
 
LOD for sulphate is 0.1mg/L
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The SD ranges in wells 3, 4 and 7 for sulphate, nitrate and chloride, tables (7-9) were 
included as a way to measure the dispersion of the results across months, and high 
dispersion has been found, which is dependent on the analyte and well, but not related 
with the analytical determination itself.  
All anions studied in this work have not been found to be contained in the ground water 
samples tested. The anions, sulphate, nitrate and chloride, found in the study area are 
probably due to the leaching of the rocks and sand in the area. Other anions are not 
reported in this data since they were not detected in the eight wells investigated. In 
April, sulphate has not been detected in the studied region due to experimental error 
for this month. Although once the samples are collected, the samples are analysed on 
the same day or the day after. However, for the month of April, the samples were tested 
a week later. This could be the problem with detecting sulphate on this month.  
In a previous study by Khan et al [11], the levels of nitrite, nitrate and bromate in ground 
water from Saudi Arabia (unknown sites) were 0.56-3.46 mg/L; 0.97-9.65 mg/L; and 
3.60-10.2 mg/L, respectively. These are levels that would have been detectable by the 
developed method based on Ion Chromatography. Indeed, the levels found for nitrate in 
the study wells were in many of them higher than the ones found by Khan et al. 
Furthermore, these levels were greater than the concentration set by the EPA as 
Maximum Contaminant Level (MCL) forNO3¯: at 10mg/L, but complies with the guideline 
set by the WHO and European Commission at 50mg/L with the exception of some 
samples from Well 4 (Table 8). This can be due to the degradation of organic matter in 
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our study region. In contrast, nitrite fluoride, bromide, and phosphate were not 
detected in our study region. Also bromate has not been investigated in this 
region.[26][27][28]  
 
4.2 Removal of anions with low-cost sorbents 
The following results (presented in Tables 10-12) show the tests carried out with the 
natural products as low-cost sorbents with spiked water samples. 
 
Table 10: Test with pomegranate gels. 1g of pomegranate was incubated with 100ml of 
ultrapure water spiked at 10 mg/L of multi-anions standard. The study was carried out in 
batch mode under gentle shaking (80 rpm) for 48h. 
Spiked 
Anion 
Initial concentration without 
Pomegranate gels mg/L 
Final concentration with 
Pomegranate gels mg/L 
Difference mg/L 
(final-initial) 
Fluoride 10.09 9.49 -0.59 
Chloride 9.55 14.07 4.52 
Nitrite 9.85 4.80 -5.06 
Bromide 9.78 9.63 -0.15 
Nitrate 2.17 2.54 0.37 
Phosphate 4.97 12.16 7.19 
Sulphate 9.65 4.77 -4.88 
 
The results shown in table 10 show that the sorbent, pomegranate gels, released 
chloride, nitrate, and phosphate anions, this was also observed in a blank. Only fluoride, 
nitrite, bromide and sulphate have been removed by pomegranate gels with adsorptive 
capacities of 0.06 mg/g sorbent, 0.5 mg/g sorbent, 0.015 mg/g sorbent and 0.49 mg/g 
sorbent, respectively. Sulphate is a relatively inert ion that would be expected to 
decrease when the sorbent had metals with affinity for sulphur. 
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Table 11: Test with Dateseed. 1g of Dateseed was incubated with 100ml of water. The 
study was carried out in batch mode under gentle shaking (80 rpm) for 48h. The water 
was incubated with dataseeds spiked at 10 mg/L 
Anion 
Individual concentration 
with dateseed in replicates  
mg/L 
Average concentration 
mg/L 
Difference 
from spiked 
10mg/L 
1 2 3 
Fluoride 10.75 11.01 9.11 10.29 0.29 
Chloride 43.39 43.37 42.56 43.11 33.11 
Nitrite 0.22 0.19 0.12 0.18 -9.82 
Bromide 10.16 10.55 10.13 10.28 0.28 
Nitrate 11.11 11.04 7.21 9.78 -0.22 
Phosphate 13.88 13.32 7.44 11.55 1.55 
Sulphate 9.84 9.83 10.75 10.14 0.14 
 
Table 11 is showing the concentration of anions removed from the spiked water. Only 
nitrite and nitrate have been removed by the sorbent, date seeds, with 0.98mg/g 
sorbent, and 0.022 mg/g sorbent removal respectively. However, the rest of the anions 
have increased in concentration and this could be due to these leaching from the 
natural sorbent. 
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Table 12: Test with Pomegranate peels. 1g of Pomegranate peels were incubated with 
100ml of water. The study was carried out in batch mode under gentle shaking (80 rpm) 
for 48h. The water incubated with Pomegranate peels was spiked at 10 mg/L 
Anion 
Spiked concentration 
mg/L 
Individual Concentration with 
pomegranate peels in 
replicate mg/L 
Average concentration mg/L 
Difference 
from spiked 
mg/L 
1 2 3 
Fluoride 10 11.68 11.90 11.98 11.85 1.85 
Chloride 10 19.96 20.30 20.36 20.21 10.21 
Nitrite 10 8.68 8.66 8.77 8.70 -1.30 
Bromide 10 9.93 10.09 10.10 10.04 0.04 
Nitrate 10 10.16 10.28 10.28 10.24 0.24 
Phosphate 10 15.34 15.61 15.89 15.61 5.61 
Sulphate 10 11.40 11.80 12.13 11.78 1.78 
 
Table 12 is showing the amount of anions removed from the spiked water. 100ml of 
deionised water has been spiked with 10mg/L of multi-anion standard and tested with 
1g of Pomegranate peels. Only nitrite has been removed by pomegranate peels with 
0.13 mg/g pomegranate peels. Hence, pomegranate peel is not a good sorbent for the 
removal of a broad range of anions. 
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5.0 Conclusion 
A main goal of this work was to develop an analytical method for the analysis of anions 
in ground water. A methodology which would be used to investigate the presence of 
anions in the water in a specific region in Saudi Arabia, Abya Almashi village, where 
ground water is the main source of drinking water. A separation of the study anions was 
achieved with ion chromatography in 25 min with LODs in the range of 0.05-0.1 mg/L.  
A monitoring study of the ions, fluoride, chloride, nitrite, bromide, nitrate, phosphate 
and sulphate, was carried out over six months (from January to June 2016), showed that 
all the anions investigated were under the maximum control limit (MCL) with some 
exceptional, i.e. sulphate was detected higher concentration than the MCL (250mg/L) 
for wells 3 and 7. Also, chloride showed higher concentration than the MCL (250mg/L) 
for wells 2 and 3. The range of concentrations obtained for study anions was <LOD-1.2 
mg/L for fluoride, 4.1-841.6 mg/L for chloride, sulphate 5.9-979.1 mg/L and nitrate 3.4-
56.4 mg/L. The higher level of chloride and sulphate, can be due to soil leaching during 
the rainy season, however, when the water settles in the wells, the concentration of the 
anions decrease. Nitrite, bromide and phosphate have not been detected in the studied 
water samples. TDS was also found to increase in the rainy period. When it rains the 
water flow fills up the wells and hence increasing the TDS, and when the water settles in 
the wells the TDS decreases. 
A second goal was to find suitable natural products i.e. pomegranate peels, 
pomegranate gels and date seeds, with low commercial cost for the removal of anions 
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in water, which could be used in households. Pomegranate gels removed 5.9% fluoride, 
51.4% nitrite, bromide 1.5% and 50.6% sulphate from ultrapure water spiked at 10 mg/L 
and with a waster: sorbent mass ratio of 1g:100ml. Date seeds removed 98.2% nitrite 
and 2.2% nitrate. Pomegranate peels removed 13.0% nitrite. These explored sorbents 
can be applied to reduce level of sulphate in ground water used by households, as 
sulphate was one of the ions found in relative high levels there. However, leaching of 
other substances from the waste materials such as CN- from seeds should be analysed 
before proposing their use. The advantage of this method is cost-effective; however, 
further research is required for improving the removal of toxic ions and ensuring its 
safety. 
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7.0 Annex:  
 
7.1 Signal to noise ratio:  
In order to check the signal-to-noise ratio, low concentrations have been injected, some 
of which are lower than the lowest concentration used for the calibration curves. Most 
of the anion standards did not show any signs of background noise, this could be due to 
the instrument being a “Suppressed Ion Chromatography” which means that it reduces 
the background noise, so only what is in the sample/standard can be seen.  
Fluoride: 
 
This chromatogram shows a 0.05ppm fluoride, which is 10 times less than the lowest 
concentration (Std1 = 0.5ppm) used for the calibration curves. The signal-to-noise ratio 
is 1:13. There is second peak which is Chloride. Chloride is present in the salt solid which 
has been used to make up for this Fluoride solution. 
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7.2 Limit of detections for the studied anions 
 
The following chromatograms show the limit of detections for Fluoride, Chloride, Nitrite, 
Bromide and phosphate, all of which were detected at 0.05ppm. 
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The following is showing the limit of detection for nitrate and sulphate which are 
detected at 0.1ppm 
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7.3 Individual chromatograms for all the samples in six 
months of study anions 
 
The following pages (54-174) show the individual chromatograms of the water samples 
from the monitored eight wells. Triplicate water samples were taken from eight wells 
for over six months, this gives us (3 samples * 8 wells * 6 months), 144 chromatograms. 
Example on 31/01/2016 sample 1a, 1b and 1c refers to well 1 for the first month, and 
the rest follows. The data and their details are mentioned in the results and discussion 
section, summarized in tables 7-9. 
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